The incidence of coronary disease in European Mediterranean countries is relatively low, despite the high prevalence of cardiovascular risk factors. 11 12 In a study of one northeastern Spanish region, myocardial infarction occurred in 349/ 100 000 men and 109/100 000 women aged 35-74 yr, 12 and this event was found to be the leading cause of death in men and the third-leading cause in women in the same area in another study. 13 Given the prevalence of cardiovascular disease in our setting, we considered that a population-based study of the occurrence of perioperative MACCE could help identify relevant risk factors. This study therefore aimed to determine the incidence of MACCE in a broad surgical population undergoing non-cardiac surgery, to identify perioperative variables that might indicate risk, and to build and validate a model to predict the risk of cardiovascular events.
Methods
The ANESCARDIOCAT study was a prospective, multicentre cohort study in patients undergoing non-cardiac surgery involving intermediate-to-high surgery-specific risk 3 under general or regional anaesthesia. The study was approved by the research ethics committee of Hospital Germans Trias i Pujol (approval reference number EO-07-027) on behalf of all centres and was conducted in accordance with the Declaration of Helsinki. Signed patient consent was waived, because no care interventions were mandated and no protected health information was collected. Interventions other than routine care were not carried out. The investigators-all anaesthetistsdid not modify a centre's customary management of patients. Twenty-three hospitals in Catalonia, Spain, participated. These centres perform over 40% of all in-hospital anaesthetic procedures that could fulfil the inclusion criteria in the area, according to the ANESCAT survey of workload in 2003. 14 Recruitment took place during 6 weeks between October 2007 and June 2008, with data collection occurring in all hospitals simultaneously. The weeks were randomly selected by a computer, subject to a single constraint, that a minimum interval of 30 days should occur between two sampling weeks.
Participants
We recruited all middle-aged to elderly patients (≥40 yr of age) undergoing scheduled or emergency non-cardiac operations of intermediate-to-high surgery-specific risk according to the guidelines of the American College of Cardiology (ACC) and American Heart Association (AHA). 3 All enrolled patients received general or spinal-epidural anaesthesia, and in all cases, the hospital stay for reasons related to surgery was expected to be longer than 24 h. Local teams regularly and assiduously checked records to ensure the completeness of data collection daily, starting from admission. Exclusion criteria were (i) age ,40 yr, (ii) childbirth or any obstetrical procedure related to pregnancy, (iii) exclusive use of local or peripheral nerve anaesthesia, (iv) procedures outside the operating theatre, (v) surgical procedures related to a previous postoperative complication, and (vi) ambulatory surgery.
Variables and data collection
The occurrence of an intra-or postoperative MACCE was the main outcome. Definitions of MACCE are shown in Table 1 ; a MACCE was recorded if any of these complications were present from admission to the operating theatre to discharge from hospital. To find events that fulfilled any MACCE definition, patients with postoperative complications were identified by consulting medical records in real time while they were developing. Increase and gradual decrease in troponin level 16 or a faster increase and decrease of creatine kinase isoenzyme as markers of myocardial necrosis in the company of at least one of the following: ischaemic symptoms, abnormal Q waves on the ECG, ST-segment elevation or depression; or coronary artery intervention (e.g. coronary angioplasty) or a typical decrease in an elevated troponin level detected at its peak after surgery in a patient without a documented alternative explanation for the troponin elevation Potential risk factors were chosen based on the investigators' consensus on measurable preoperative variables, and the results of previous studies. 1 Table S1 ). Preoperative information was obtained by a member of the local research team from the preoperative clinic visit (Appendix); all members were trained to fill in a structured questionnaire (Supplementary Table S1 ). These researchers also reviewed all charts of enrolled patients daily until discharge. The treatment of any abnormal findings was left to the judgement of the attending physician in keeping with protocols in use at each centre. The surgical procedures included are listed in Supplementary Table S2 . A centralized database and applications for remote data recording were developed in a secure protocol with quality-control algorithms to validate online data entry.
Bias and limitation
A potential limitation inherent to the multicentre design involving the participation of a large number of anaesthetists in 23 teaching hospitals could have caused defects in data collection. To prevent variability in patient selection or data collection, we trained all participants to uniformly apply criteria and record data, especially regarding the definitions of the outcome and the major medical conditions.
Sample size
A pilot study in 185 patients showed a 5.6% incidence of cardiovascular events, in accordance with previous studies. 19 In the ANESCAT study, 14 the 23 participating centres were jointly able to include over 3000 patients in 6 weeks and report more than 100 cardiovascular events. A sample size of at least 3000 patients was considered large enough to be able to construct a logistic regression model with at least 10 cardiovascular events per predictor; 20 the resultant model would then be validated in an external data set from a similar population-based study carried out in the same geographic area. 19 If the sample proved to be insufficient for entering more predictor candidates in the logistic regression model, a resampling method would be used to verify the robustness of the model (see details below).
Statistical analyses
Potential risk factors were evaluated for unadjusted bivariate association with MACCE occurrence based on the t-test (continuous variables) or the Fisher exact test or x 2 test (categorical variables). Bivariate odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated. In order to assess collinearity between categorical variables, the relationships were tested with the Cramer V test (between nominal variables) and Kendall's t b-coefficient (between ordinal variables). The logistic regression model was constructed using a backward stepwise selection procedure in which the presence of a MACCE was the dependent variable. Independent variables were selected for the model on the basis of bivariate analysis (P,0.05) and collinearity between variables (correlation coefficients ,0.25). At each step, the likelihood ratio was used to evaluate a potential risk factor. The cut-off for variable removal was set at a significance level of 0.05. We then calculated the adjusted OR and corresponding 95% CI. The calibration of the logistic regression model was assessed by the Hosmer-Lemeshow goodness-of-fit statistic.
If we had fewer than 10 cardiovascular events per predictor as candidates for entry into regression analysis, our plan was to use a bootstrap method for internal validation of the subset of factors. 21 A total of 1000 computer-generated samples, each including the total study sample less one patient, would be derived by random selection with replacement. Within each bootstrap sample, the b-coefficient would be calculated using all selected independent variables. The robustness of the model and, thus, the reliability of predictor variables in the final regression model would be estimated by the 80% CI of the b-coefficient in the bootstrap samples. Reliable predictors were expected to be retained if the 80% CI of bootstrap samples indicated statistical significance (P,0.05). To assess the discriminative performance of the model and its predictive ability, we would use the c-statistic expressed as a percentage [area under the receiveroperating characteristic curve (AUC)]. A simplified risk score was obtained by rounding off the logistic regression b-coefficient. The simplified scores were added together to produce an overall MACCE risk score for each patient. Based on that score, we divided that subsample into four groups, each containing a similar number of patients with MACCE (using a method based on the minimum description length principle 22 supervised by the outcome). The resulting groups reflected very low (0 risk factors), low (1 risk factor), intermediate (2 risk factors), and high risk (3 or more risk factors) for MACCE. The model was retested in an external data set, from the ARISCAT study, 19 of a similar spectrum of 2464 surgical patients who underwent in-hospital surgical procedures in the same geographic area in 2006. The ARISCAT main objective was finding predictors for postoperative pulmonary complications. Compiled in 59 hospitals, 23 of which also participated in the current study, ARISCAT offered a convenient comparable sample in which to validate the present study's model for predicting MACCE. c-statistics (expressed as AUCs) were also used to assess the ability of the revised cardiac risk index of Lee and colleagues 7 to predict MACCE in both our data set and the ARISCAT data set. Statistical analyses were performed using PASW 18 software (SPSS Inc., Chicago, IL, USA), with the exception of the AUC calculations and comparisons, for which we used Medcalc software (version 11.1.0.0, Medcalc, Mariakerke, Belgium).
Results
From a total of 3519 surgical patients recruited, 132 were lost to follow-up for outcome. Thus, data for 3387 patients entered the analysis as shown in the flowchart (Fig. 1 ). Patient and procedure characteristics are given in Table 2 .
At least one MACCE was recorded for 146 patients (4.3%). Postoperative arrhythmia or atrioventricular block developed in 51 (1.5%), congestive heart failure in 39 (1.2%), angina in 23 (0.7%), stroke in 15 (0.4%), myocardial infarction in 11 (0.3%), and non-fatal cardiac arrest in 7 (0.2%). Twenty (13.7% of the patients with such complications) died from a cardiac (15) or cerebrovascular (five) cause. The most frequent postoperative arrhythmia was atrial fibrillation (31) followed by atrioventricular conduction block (nine patients, three of them requiring a pacemaker) and tachyarrhythmia (six patients: four supraventricular tachycardia and two atrial flutters). Table 3 shows the in-hospital mortality, intensive care unit admission rate, and postoperative lengths of stay for each MACCE. The majority of MACCE took place on the ward (53.4%), but 27.4% occurred in the postoperative recovery unit and 19.2% in the operating theatre. Thoracic surgery had the highest incidence of MACCE (8.3%), followed by vascular surgery (7.5%) and neurosurgery (6.0%). Fewer MACCE occurred in orthopaedic (3.2%), ear-nose -throat (1.5%), and gynaecology (1.4%) operations.
Forty-three patients died from non-cardiovascular complications. Septic shock was responsible for the largest percentage (41.9%), followed by respiratory failure (23.3%) and multiorgan failure (13.9%).
The median (10th -90th percentile) postoperative length of stay was longer in patients with a MACCE [12 days (4.7-35.3 days)] than in those without a MACCE [6 days (2-15 days)].
In Table 4 , we show the results of bivariate analysis for 23 independent variables that were included in logistic regression. Four additional significant variables (ASA physical status classification, revised cardiac risk index, previous cardiac intervention, and number of units of red blood cells transfused) are shown in the same table, although they were rejected as candidates for the model due to high collinearity (correlation coefficient .0.250) with other variables (history of coronary disease, congestive heart failure, and red blood cell transfusion or not). BMI, emergency surgery, chronic obstructive pulmonary disease, laparoscopic approach, and type of anaesthesia were unrelated (P≥0.05) to the presence of a MACCE (Supplementary Table S3 ). Multivariable logistic regression selected seven predictors of MACCE: history of coronary artery disease, history of congestive heart failure, chronic kidney disease, history of cerebrovascular disease, intraoperative hypotension, ECG abnormalities, and red blood cell transfusion. The bootstrapping technique (1000 subsamples of 3386 cases) to validate the model internally retained all seven predictors in more than 80% of bootstrap subsamples. Table 5 shows the raw and adjusted ORs for variables that were selected for the model, along with the 80% CI for each OR after bootstrapping.
The c-statistics indicated acceptable AUC percentages for a model incorporating the b-coefficients of predictors from When we further tested the simplified score by validating the model externally using the similarly constituted ARISCAT data set, 15 there was good discrimination, with a percentage AUC of 75.6% (95% CI, 70.8-80.5%) (Supplementary Fig. S1 ). When the ANESCARDIOCAT sample was stratified into four groups by risk (very low, low, intermediate, and high), there was a significant increase in both incidence of MACCE and postoperative length of stay between all risk strata (Fig. 2) .
In Supplementary Table S4 , we show the sensitivity, specificity, and positive-likelihood ratio (PLR) and negativelikelihood ratio (NLR) for every risk level in the simplified risk index.
When we assessed the predictive ability of the revised cardiac risk index to predict the development of an MACCE in our sample and ARISCAT data set, the AUCs were 65.2% (95% CI, 60.1 -70.3%) and 64.0% (95% CI, 57.9-70.1%), respectively (see Supplementary Fig. S2 for the receiveroperating characteristic curves).
On observing that atrial fibrillation accounted for a high percentage of postoperative complications and that thoracic surgery, which is associated with atrial fibrillation, 23 Table S5 and Fig. S3 for differences between models).
Discussion
The 4.3% incidence of MACCE we observed in a representative non-cardiac surgical population fell within the range of 1-7% reported in the literature. 1 -8 One out of 10 patients who developed a MACCE died during the hospital stay. Seven preoperative and intraoperative variables provided a risk profile with a high degree of discrimination (c-statistic, 0.767). Four of the risk factors-history of coronary artery disease, history of congestive heart failure, chronic kidney disease, and history of cerebrovascular disease-have been described previously. 7 In addition, our model included intraoperative hypotension, ECG abnormalities (left ventricular hypertrophy, left bundle branch block, ST-T abnormalities), and red blood cell transfusion as risk factors for MACCE. We were unable to confirm the relevance of two revised cardiac risk index predictors: 7 insulin-dependent diabetes mellitus and high-risk surgery. Our finding for surgeryspecific risk is consistent with the recent study of Kheterpal and colleagues, 2 who were also unable to demonstrate highrisk surgery as a predictor for MACCE, in contrast to earlier studies. 1 6-8 Our definition of major vascular surgery as highrisk according to the latest version of the joint guidelines of the American College of Cardiology and the American Heart Association 3 could explain the discrepancy between our findings and previous studies. The 2007 guidelines do not include anticipated prolonged surgical procedures other than vascular surgery; nor do they include procedures associated with large fluid compartmental shifts and/or blood loss, both of which were mentioned in the earlier version.
25 Finally, our results in this respect are consistent with those of Ackland and colleagues 26 and similar to those of a recent systematic review. 27 Regarding insulin-dependent diabetes mellitus, this condition may not have been identified as a predictor for MACCE in our study because end-organ complications of diabetes mellitus could have had more weight than diabetes itself in the model. The simplified risk score we built remains well associated with MACCE occurrence (Fig. 2 ). Testing the model in the external ARISCAT 19 data set also supported its stable predictive ability. That data set included a similar but slightly younger spectrum of patients, yet the ANESCARDIOCAT model remained predictive, suggesting it to be valid even in populations with apparently lower cardiovascular risk. When we compared the predictive ability of the ANESCAR-DIOCAT index to the ability of the revised cardiac risk index of Lee and colleagues 7 of 1999, both proved useful, but our score predicted more actual events in both data sets. The lower performance of the older index may arise from the fact that the definition of high surgery-specific risk has changed during the past decade, during which some procedures have become less invasive and interventions have been introduced to reduce risk by preparing high-risk patients for non-cardiac surgery. The ANESCARDIOCAT index takes into account two intraoperative variables (hypotension and blood transfusion) that were not considered by the revised cardiac risk index and that according to our results may influence outcome, supporting the clinical use of the index we propose. Nor did Lee and colleagues count stroke and atrial fibrillation as adverse cardiovascular events, yet we found these factors to confer risk. The ANESCARDIOCAT study, the largest multicentre cohort study on risk for MACCE to date, was designed to overcome some of the limitations of previous studies. We collected data from a representative random sample of surgical patients undergoing a broad spectrum of operations involving intermediate-to-high surgery-specific risk. To prevent discrepancies in applying criteria, a structured, focused questionnaire guided data collection from patient charts and previous training was provided. Variables were chosen for their clinical relevance and the likelihood that they would define risk for MACCE.
A limitation of our study is that we excluded procedures of low surgery-specific risk such as common orthopaedic, gynaecologic, and ear-nose-throat procedures. We did not record complications during outpatient follow-up; therefore, we potentially underestimated long-term complications. Furthermore, our study protocol did not include the monitoring of surveillance biomarkers and ECGs, so clinically silent ischaemic events which are known to confer increased longterm mortality and morbidity risk 28 would not have been detected. Another limitation of our study was that the sample size was not large enough to adequately develop a multivariable regression model in which 23 predictors were entered (23 variables in relation to 146 outcomes). As we anticipated that this might be the case based on the ARISCAT experience, 19 we planned to resample the data set using a bootstrapping technique. The purpose was to avoid overfitting and to estimate the stability of the data set. This procedure confirmed that the seven variables initially identified by multivariable regression could be retained in the model. The ACC/AHA guidelines note that preoperative ECG abnormalities may predict postoperative cardiac events or death in high-risk surgery, 29 yet this factor has not always been found to improve the predictive value of a model. 30 Our model, however, does include ECG abnormalities as one of the seven predictors of MACCE (OR, 2.9), probably related to the fact that arrhythmia or atrioventricular block accounted for 43% of all MACCE in our study. These events may point to previous ECG abnormalities, which, if found in the preoperative setting, should lead to a search for underlying cardiopulmonary disease, ongoing myocardial ischaemia or infarction, drug toxicity, or metabolic derangements. 31 -33 In particular, among the Table 4 Bivariate analysis for independent predictors of major adverse cardiac and cerebrovascular events (MACCE). *One or more of the following: unstable coronary syndromes, decompensated heart failure, significant arrhythmias, severe valvular disease (according to the American College of Cardiology/American Heart Association guidelines).
3 † These significant variables were rejected as candidates for the model due to high collinearity with the following variables: history of coronary disease, congestive heart failure, and red blood cell transfusion or not. CABG, coronary artery bypass graft surgery; MET, metabolic equivalent of a task; PCI, percutaneous coronary intervention; RBC, red blood cell 
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Cardiovascular events risk index new cardiac arrhythmias constituting a MACCE, we included atrial fibrillation, which is associated with a higher rate of intensive care unit admission, longer hospital stay, and greater mortality, 34 35 consistent with our findings (Table 3 ). The good performance of the regression model in the data set excluding patients with atrial fibrillation supports the appropriateness of the approach we took in choosing the composite outcome. The model also performed well in the sensitivity analysis in the data set from which we excluded cases of thoracic surgery. We chose the well-established definition of intraoperative hypotension of .1 h of a ≥20 mm Hg decrease or a 20% change in mean arterial pressure. 36 -38 By this definition, hypotension was significantly related to complications. Recent studies have analysed several levels of mean arterial pressure and their relationship with 1-yr mortality, 39 but no conclusive results have been reported in terms of systolic or mean pressure thresholds or episode duration. In the POISE trial, 4 intra-and postoperative hypotension (systolic arterial pressure ,100 mm Hg) predicted both death (five-fold increase in risk) and stroke (two-fold increase). In another study that applied the Apgar score during surgery, intraoperative hypotension (mean systolic arterial pressure ,40 mm Hg) also predicted cardiovascular events and other postoperative complications as well. 40 Our data should be viewed as another step towards an important target for vigilance, as arterial pressure is potentially modifiable with early treatment. In our study, packed red blood cell transfusion seemed to confer risk for MACCE independently of blood loss and preoperative anaemia. Although others have found blood loss to predict postoperative morbidity, 41 it has not been specifically associated with perioperative MACCE. The relationship between preoperative anaemia and adverse outcomes in non-cardiac surgery has been confirmed in previous studies, 2 41 and transfusion is closely associated with preoperative anaemia and intraoperative blood loss. Our results are consistent with recent findings of Beattie and colleagues 42 who found both anaemia and transfusion to be independent predictors for mortality. We found that transfused patients had more than two-fold greater risk for MACCE. In cardiac surgery, transfusion is known to be associated with increased morbidity, total intensive care unit hours, and time on the mechanical ventilator. 43 44 In this context, it is also interesting to note that red blood cell transfusion is associated with an increased risk for new-onset atrial fibrillation. 45 As recent reports have supported a role for inflammation in the development of atrial fibrillation, 36 43 44 we hypothesize that this relationship would explain why both transfusion and ECG abnormalities were related to increased occurrence of arrhythmia (the most frequent MACCE in our study) in non-cardiac surgery too.
In conclusion, we identified simple, objective, and easily recorded factors associated with MACCE in a broad surgical population. The model and proposed scoring system stratifies patients according to risk for MACCE and identifies high-risk subgroups to watch for postoperative cardiac morbidity. Our data confirm that history of chronic kidney disease, cerebrovascular disease, coronary artery disease, and congestive heart failure predict MACCE. Adequate preoperative assessment of cardiovascular risk is thus imperative, at a key moment that offers an opportunity to optimize medical treatment in the interest of attenuating the impact of risk factors in both the perioperative period and long term. It is 
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Intermediate risk n=340 Risk score also an ideal moment to recommend changes in lifestyle. Carrying out non-invasive stress testing in high-risk patients at this time, for example, has been shown to improve survival rates and shorten hospital stays after non-cardiac surgery. 46 More studies are needed to define which patients would benefit from such a strategy, however, and our scoring system could help to identify them. We also provide new insights regarding intraoperative hypotension, ECG abnormalities, and blood transfusion, which also seem to play a role in the development of MACCE. Strategies to reduce intraoperative hypotension episodes and blood transfusions in the intermediate-and high-risk subgroups should be tested with controlled trials in order to minimize the incidence of perioperative MACCE.
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